Abstract
Introduction
Human-induced land-use change has a substantial impact on biodiversity and both biogeo- 
where the square brackets are Iverson notation, evaluating to 1 where true and zero otherwise, 103 and l 2 is the area of a single grid square. We denote the array of all these areas (for each 104 5 land-use class and time step) as A = {A ut }. By differencing, we obtain the areas of net land-use change:
At each time step, we have a square transition matrix 
.
112
At each time step, the net change in the area occupied by each land use is given by the gross 113 gains (the vector of column sums, G t ) minus the gross losses (the vector of row sums, L t ):
β ujt and i and j are the row and column indices.
117
We thus have three data structures, U, B, and A, which are inter-related by equations 1 -4.
118
U contains complete information about the system, which can be summarised in the form of We combined a number of data sources ( 
Data assimilation

144
Our data assimilation method is represented graphically in 2 and proceeded as follows.
145
• From repeat ground-based surveys, the CEH Countryside Survey (CS, Norton et al., 
where ∆A 
where φ is the standard normal probability density function, Φ is the corresponding cumulative as part of the data assimilation procedure.
201
• Several data sources provide observations of U for one or more land uses at a restricted 202 set of time points. We combine these into a single array U obs as follows. given precedence because they are direct ground-based records.
217
-We then add forestry data from the GB Forestry Commission (FC) National 
• location (x,y) and time t is given by:
where C eq u is the equilibrium soil carbon stock for the current land use u, C xy,t−1 is the soil 301 carbon stock at the previous time step, and k is a rate constant. The flux of carbon over the 302 time step, ∆t, is given simply by difference:
The above-ground component applies to the growth of biomass following afforestation, and uses and forestry sharing the Southern Uplands and Highlands in the north and west.
314
As an initial step in the data assimilationn process, a close least-squares fit to ∆A was are associated with wherever cropland or urban areas have expanded.
416
Discussion
417
The results show that we can provide improved estimates of past land-use change using ∆A ut ) was allocated to the grid cells with the highest probability score for that land use.
448
This approach yields essentially the same data structure as our method, and is wider in scope,
449
covering all of Europe.
450
Our method represents an advance on this in several ways. Because the approach of Fuchs resolution of data is not available, and the computation issues become much larger. Our approach explicitly incorporates and propagates the uncertainty in the posterior distribution which could be added into the estimation of A, B and U. In this study, we do not attempt
